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It is a well established feature of biological systems
 
that the constituent organisms are in balance with each other.
 
This is true of a fish population which is in balance with the
 
other organisms of its own ecosystem, and within itself insofar
 
as the numbers of fish entering a fish stock are approximately
 
equal to those dying by natural causes.
 
It is also true that 9 as fish grow through the population,
 
they reach a particular size where the increase in weight in a
 
year 9 due to the growth of all the fish in the population of
 
that size, is balanced by the loss of weight due to natural death.
 
The maximum yield of a fishery could thus be obtained by removing
 
all fish as they reach this age. In practice it would require an
 
infinite amount of fishing to accomplish this 9 and it is general
 
practice in fishery management to begin cropping fish just before
 
they reach this ideal size anQ age.
 
As soon as fishing begins the numbers of fish in the 
population at anyone time are reduced but, as in other biological 
systems 9 the population adapts itself to this new mortality 
factor 9 and a new equilibrium balance develops at a different 
level from that obtaining when there was no fishing. This balance 
is controlled by the relationship between the rate of growth 
of the fish 9 the rate at which new fish enter the fishery as a 
result of breeding (recruitment), and the factors causing mortality. 
The control exerted by the degree of fishing mortality is of 
overriding importance because the growth rate and recruitment 
tend to adjust themselves to it, to restore the status quo. 
A fishery is therefore capable of existing at an infinite 
number of equilibrium levels which can be controlled by the 
manipulation of the fishing effort. 
However 9 although the equilibrium levels can exist, the 
crop of fish that can be taken at different levels will vary, and 
there is only one level which vrill give a maximum yield either by 
weight or numbers. 
As soon as fishing begins, the density of the population 
declines and the catch per unit fishing effort (catch per net) 
will also decline so that it is possible for the level of fishing y 
which returns the maximum catch, to return an uneconomically low 
catch per net. In this case fishermen will cease to operate 
before the fishery is yielding its overall maximum and economic 
overfishing is said to occur. 
On the other hand, the number of eggs and fry produced by 
a population is related to the weight of the population (biomass), 
and as fishing increases the number of eggs spawned is reduced. 
~ithin certain limits the percentage survival of these eggs 
increases as the population declines, thus maintaining recruit ­
ment to the population at the former level despite the fewer 
eggs produced. Nevertheless a degree of depletion of the 
population can be achieved where the increasing proportional 
survival of eggs reaches its limit and cannot maintain the 
rate of recruitment that obtained in the original stock. In 
this event a biological decline, over and above that caused by 




An investigation of this type is carried out by estimating 
the controlling features, growth rate, recruitment rate, rate of 
natural mortality and the relationship between fishing mortality 
and fishing effort, and incorporating them into a mathematical 
model of the fishery. 
The size selection characteristics of the fishing gear 
must also be taken into consideration because, for example,
4n-" gill nets catch smaller fish than 5" nets and it is necessary 
to know whether·increased numbers of fish caught in 4tH nets can 
offset their lower weight per fish. 
An investigation on these lines has recently been carried 
out on the T. esculenta ~cks in the North Buvuma Island area of 
Lake Victoria. A full description of the mathematical model and 
the determination of the relevant factors is being published 
elsewhere, but the results are abstracted below to give a rational 
explanation of recent trends in the fishery and to suggest how 
fishing can be improved. This is particularly important because 
restrictions controlling fishing were removed in Uganda and 
Tanganyika waters in 1957 and more recently in Kenya waters, with 
the result that, after a brief increase in yield of T. esculenta 9 
the fisheries have declined very severely. At present it is no 
longer an economic proposition for African fishermen to work the 
inshore fishing grounds which, hitherto, were the richest areas 
of Lake Victoria. 
The relationship between fishing effort (numbers of gill 
nets set p~r month) and the fishing mortality is given in Fig. 1 
where the mortality is expressed as an instantaneous exponential 
coefficient. Arithmetic increases in fishing effort cause 
arithmetic increases in the coefficient of fishing mortality, 
but these coefficients do not correspond directly with the 
percentage of the population killed. This is indicated by the 
representative comparisons given below:­




The mathematical model can be used to predict the weight 
of the population at anyone time, the numerical and weight 
yields, and the catch per net for different levels of fishing 
mortality. This varied information is expressed in arbitrary 
units which bear an ULnknown relation to the true population but 
changes in fishing mortality give the same proportional changes 
in the arbitrary units of the model, as will occur in the natural 
population. 
The important information is given in the illustrations:­
Fig. II shows changes in the weight of the standing crop 
of fish. 
Fig. III shows changes in the numbers of fish caught 
and variations of the catch per net. 
Fig. IV shows changes in the weight yield, 
Briefly it can be seen that, with all mesh sizes, the 
weight of the standing crop decreases with increased fishing, 
and that the effects are greater with smaller mesh sizes because 




The numbers of fish caught are greatest wi th 4-~-1I nets ~ 
but the numerical yield from 5" and 4" nets is comparable. On the 
other hand the weight yield from 4" nets is very inferior but that 
of 41" and 5" nets is similar. 




It can be seen from Fig. IV that with 4t" nets the weight
 
yield is maximum at about F = 1.0. Above this level the standing
 
crop is reduced so much that it cannot support the catch given by
 
a lower fishing effort on a higher standing crop.
 
The application of this fact can be exemplified by a fishery 
which is fished at the level F = 1.0 corresponding to 46,000 
nets per month. If the effort is increased to F = 2.0 (92~000 
nets)~ the catch per net will decline slightly~ but the yield will 
not be increased and the standing crop will be severely depleted~ 
increasing the risk of biological overfishing with absolutely no 
benefit to the industry. 
The findings of the model can be compared to the observed 
trends indicated by the fish landings at Masese~ Jinja, since 1953. 
Between· 1953 and the end of 1956 the fishery was fairly steady~ 
giving a uniform yield of 22~000 fish per month from a fishing 
effort of 15,300 5" nets per month~ i.e. F = 0.3. 
Supposing the fishery to be in equilibrium~ the model shows 
that the numerical strength of the standing crop was at that time 
3,156,200 adult T. esculenta~ weighing 1529 tons, and giving a 
marginally profitable catch per net of 1.44. 
During 1955 - 1956, either as a result of poor recruitment 
or slightly increased fishing~ the catch per net dropped and bec~ne 
unoconomically low~ causing fishermen to try using smaller mesh 
sizes. These were found to give better catch per net yields 
because the smaller meshes caught fish from a section of the 
population which had never previously been exploited. 
Consequently, in a very short space of time 4i-" nets 
replaced 5" nets and the Government, taking a negative appro8.ch~ 
repealed the unenforceable legislation. 
These smaller meshes were fishing a standing stock built 
up under conditions of 5" net fishing (see Fig. II) and the model 
predicts that~ at the fishing intensity of F = 1.0 which prevailed 
for a short initial period, the rate of yield vdth 4t" nets from 
a standing crop of 3,156~200 fish would be 1,058,376 fish weighing 
567 tons per year with a catch per net of 1.8 fish. The comrnercj.al 
statistics agree very closely and gave an average yield of 
1~116,OOO fish weighing 598.7 tnns per year with a catch per net 
of 2.0. 
The i~creased catch per net over that obtaining in the 
period 1953 - 1956 demonstrates tho incentive to increased fishing. 
But this level of fishing destroyed the existing equilibriuc 
in this fishery and the model shows that, had fishing continued 
at F = 1.0 for a sufficiently long period to establish a new 
balance~ the standing crop would have declined by 38% and the 
catch per net by 52%. This decline of the latter was obviously 
unacceptable and as soon as it began, fishing effort readjusted 
itself to maintain a marginally profitable level. At present 
fishing effort is exerting a mortality F = 0.6 which the model 
predicts should yield 459,000 fish per year weighing 236.8 tons. 
This may be compared to the actual yield of 438~000 fish weighing 




that obtaining prior to the mesh change. The numerical strength 
of the standing crop is 2?363?000 weighing 1040 tons. This is 
25% less than in the 1953 - 1956 period. 
The accuracy of the above comparisons cannot be disputed
 
and indicate the reliability of the predictions taken from the
 
model. The maximum sustained yield that could be ontained from
 
this area is approximately 272 tons per year when F = 1.0.
 
It is unfortunate that in 1957 an F.A.O. lIexpert" visited 
Masese for two or three days and then produced an estimate of a 
sustained yield of 1800 tons per year 9 75% of which would be 
T. esculenta. Despite warnings from E.A.F.F.R.O. this grossly
 
erroneous estimate was used to support the expenditure of
 
several thousands of pounds at Masese on a market which now
 




The predictions that are outlined above are based on the
 
assumption that fishing is carried out entirely with 4"? 4t"
 
or 5" meshes 9 but it is possible to investigate the effects of
 
fishing fleets of nets of mixed mesh sizes by the same method.
 
The conclusions to be drawn are illustrated in Fig. V and 
Fig. VI wllich show isopleth diagrams of the numerical and weight 
5 11yield for varying proportions of 4t" and nets at constant 
levels of fishing mortality. These show that even vdth mixed 
mesh sizes the maximum yield is obtained at levels of fishing 
mortality F = 1.0? but that slightly greater yields are obtained 
by using 30% 4t" nets and 700;; 5" nets than when the fleets are 
composed entirely of 4t" or 5" nets. 
This defines the maximum yield which can be cropped from 
the North Buvuma Island stock assuming that the rate of 
recruitment is maintained regardless of the depletion of the 
standing crop of adult fish? and its consequent implication for 
egg production. 
that 
It has already been pointed out/increasing levels of 
fishing mortality deplete the standing crop of the population and 
so decrease the egg production? and also that? if egg production 
falls belovv a given level? recruitment may decline. 
By a process analagous to that described above for the 
estimation of potential yield? it has been determined that the 
North Buvuma T. esculenta stock required a recruitment rate of 
approximately 860?000 adult fish per year. From the estimated 
egg production of the virgin stock this would require an 0.02% 
rate of survival of fry? i.e. 2 in 10?000. Between 1953 and 
1956 at F = 0.3 with 5" nets an increase in survival to 2.4 
fish per 10?000 was necessary. The stability of the fishery at 
that time suggests that t_~is increase was possible? but at 
F = 0.6 vd th 4t" nets (the present fishing rate) a survival 
of 4 in 10,000 is required if the fishery is to be stable. 
This represents a 100% increase in the proportion of 
fry surviving over that required by the unexploited stock and 
may well lie beyond its biological limit. 
Reference to the estimates of yield compared ~dth the 
actual yield showed an underestimate of 5% in 1956 and an 
overestimate of 6% in 1960. These errors lie in opposite 
directions and represent the effect to be expected if recruitment 
has not been maintained and biological overfishing has occurred. 
The errors are not of the type expected from an inaccurate 
model. -It should also be noted that in many areas of Lake 
Victoria fishing effort declined in 1958 owing to economic 




This again is indicative of biological overfishing: simple 
economic overfishing would have been followed by a rapid recovery 
of the fishery as soon as the fishing effort declined. 
This evidence is not adequate to show that biological
 
overfishing has occurred in the North Buvuma Island stock,
 
but these are clear indications that the reduction of the
 
standing crop at the present level of fishing has caused the
 
rate of recruitment to b2come marginal and any change in fishing
 
practice that will relieve this risk should be encouraged.
 
It has been stated that egg production is related to 
the weight, or biomass, of the standing crop of adult T. esculenta. 
The present biomass of the stock is 1040 tons and it is suggested 
that a safe limit for recruitment, beyond which thestock should 
not be depleted 9 lies at 1100 tons. Fig. VII shows the 
relationship between biomass and the yield for various proportions 
of 4~" nets at different levels of F. These show clearly that 
depletion of the biomass below 1000 tons results in a decreased 
yield irrespective of its implication for recruitment. The 
maximum yield at biomass 1100 tons is obtained with 25~'c: 4"~" 
and 75%; 5" nets at F = 1.0. 
This then is the most rational method of exploiting
 
this particular stock of T. esculenta. The area of the habitat
 
has been estimated at 29,235 acres, so that the body of water
 
could yield 20 Ibs per acre per year from a standing crop of
 
84 Ibs per acre adult T. esculenta when exploited with an average
 
number of 0.4 4i" nets and 1.2 5 11 nets per acre per month. This
 
is vdthin the normal range of yield of natural fisheries.
 
At present with 4-~fI nets being fished at 0.9 nets per
 
acre per month the fishery is yielding la2 Ibs per acre per year
 
from a standing crop of 79.7 Ibs per acre.
 
The present mGthod of fishing is not returning the 
optimum catch but it has decreased the standing crop to a marginal 
safety level. If 4i" mesh fishing continues the fishing effort 
should be reduced to 0.75 nets per acre per month to preserve the 
breeding stock. This will decrease the yield but leads for 
simplicity in administration. The maximum yield, without the 
possibility of biological overfishing, requires the re-introduction 
of 5" mesh nets and encouragement to the fishermen to fish more 
nets. At the maximum sustained catch level the catch per unit 
effort will be subeconomic by present standards, so that, to 
encourage the required amount of fishing, it would be necessary 
to increase the price of fish ashore. 
The monetary values of these various yields are of 
interest. At present the annual catch of T. esculenta can be 
valued at £27,000. If biological overfishing is to be avoided 
the effort with 41i-" mesh nets must be reduced and the yield will 
also decline to a value of £25,000. If a proportion of 5" mesh 
nets, with increased effort, were introduced to avoid ovorfishing 9 
but vath no change in prices, the catch value would increase to 
£30,000 (after a tern": orary decline whilst stocks rebuilt). If 
the value of the fish was increased, to compensate for the lower 
catch per net, the value would be of the order of £40 9 000 per 
year. 
Such changes in fishing would necessarily affect the
 
catch of other species. The effects of the 1956/57 change from
 
5" to 4i" nets showed that all the important non-cichlid species,
 
i.e. Bagrus, Clarias, Protopterus and Barbus, give better yields 
with 5" nets. However, T. variabilis vlOuld be virtually lost 
to the fishery because the species seldom grows to a size large 
enough to be captured in 5" nets. At Masese in 1958/59 the catch 
of T. variabilis from the North Buvuma Island stock valued 






be an acceptable loss if the alternative with continued 413"
 
net fishing is biological overfishing of T. esculenta and a
 
catastrophic decline in catches.
 
Catches of T. zillii vall also be lost. This species
 
valued £752 in recent months and there is not yet a distinctive
 
upward trend in the catches in this area to indicate that the
 
population could become so dense as to offset the loss of
 
4 11T. esculenta. In any event nets appear to be the most suitable
 




The Application of these Findings to other areas of Lake Victori~ 
The above model is extremely elementary in that the
 
rates of recruitment~ growth and natural mortality have been
 
regarded as constant vmen in fact they are knovm to be density
 
dependent variables. There are no data for complex extensions of
 
the theory and in any event it is doubtful whether these would
 
contribute more to the conclusions. For example~ further depletion
 
of the stock is unlikely to increase the growth rate significantly;
 
conversely, increasing stock density would decrease the growth
 
rate which is likely to be detrimental to the fishery. The above
 
outline will probably prove to be very close to the most rational
 
method of exploitation of T. esculenta stocks allover Lake
 
Victoria unless the vital parameters of the population can be
 
demonstrated as being significantly different.
 
However~ it is well knovm that some areas of Lake 
Victoria are more productive than others. For example ~ early rec orC!.~ 
of 25 T. esculenta per net suggest that the Kavirondo Gulf is 
far more productive than the North Bu\~a Island area which 
initially yielded 7 - 8 fish per net. This indicates that the morc 
productive areas will yield a greater catch for the same fishing 
effort. It does not indicate that they can withstand a greater 
fishing intensi ty-.-A greater fishing intensity would increase the 
catch temporarily but at tho sane time it would deplete the 
population more rapidly and eventually lead to more serious 
effects. This is particularly important because it means that 
despite varied productivity~ the method of fishing given for the 
North Buvuma stock is also a good provisional estimate for other 
areas. 
If a more productive stock gives a greater yield for 
a given fishing effort 9 it follows that the catch per nt vtill be 
greater and that biological overfishing will occur at a higher 
catch per net despite the apparent stock density. 
On the other hand the economics of fishing are similar 
in many areas of Lake Victoria and the yield can be reduced to 
approximately one fish per net before it becomes uneconomic. Thus 
in an area such as the Ravirondo Gulf biolo. gical overfishing may 
occur at a catch per net far higher than the economic overfishing 
level. Commercial catch records from the Kavirondo Gulf show 
that the catch per net in that area is less than that of the 
North Buvuma stock so that thero is an inescapable conclusion 
that the Kavirondo Gulf is chronicaily biologically overfished. 
This is not unexpected. The model has shovm that 
intensive gill net fishing may deplete the ~ocks to a marginal 
level in the North Buvuma area and in the Kavirondo Gulf 
there is very intensive seine net fishery in addition to gill 
netting. Furthermore this seine netting destroys T. esculenta 
breeding sites and catches potential recruits to the gill net 
fishery. It has been said that comparatively few juvenile 
T. esculenta are taken in these seines at present 9 but ih'1950 
E.A.F.F.R.O. recorded V6 of the same net hauls of T. esculenta 
to be juveniles. The present apparent dearth of juveniles does 
not /7 
7 
not show that the seine nets have never caught this phase of 
the life history but that the Kavirondo Gulf has been biologically 
overfished for some time 9 causing a complete collapse of recruitm~nt, 
The loss to Kenya revenue through this inefficient management can 
be estimated in tenBs of thousands of pounds if the value of the 
catches in the Nort~ Buvuma area are any guide. 
In Tanganyika a slightly different situation may obtain 
because the price of fish is lower. Records indicate that 
fishing becomes uneconomic at a catch per net which is slightly 
higher than in Kenya and Uganda waters. The situation is therefore 
not as serious as elsewhere. 
The present findings are also valuable in the light 
of a suggestion that fish ponds should be established to restock 
the lake. This idea is TIanifestly absurd when one considers that~ 
in the Masese area alone 9 a catch of 1.4 fish per net requires 
recruitment at a rate of 860 9 000 adults a year. To double this 
yield would require a stocking of 70,000 23 em. adults per month 
alone. This is not a high stocking rate of fry but it is impossible 
for adults because 23 em. fish cannot be grovm in fish ponds in 
such numbers~ all available evidence indicates that growth has 
almost ceased at 15-20 em. The number of fry required would be 
350 9 000 9 000 por month. 
The precarious state of recruitment of T. esculenta 
stocks also has a bearing on the recent reappearance of Nile 
Perch in Lake Victoria. It is supposed 9 and hoped 9 that these 
predators will utilise the vast stocks of unexploited Haplochromis 
in Lake Victoria. But at the same time it is suspected that the 
size of prey required by a Nile Perch will be related to the size 
of the Pefch. Very few Hnplochromis achieve a size exceeding 20 
cm. and so it was very disquieting to record recently a 12 Ib 
Nile Perch with a 25 cm. Tilapia in its stomach. This was still 
a very small Nile Perch (the species may frequently exceed 100 Ibs) 
and clearly the finding bodes ill for those T. esculenta that 
remain. 
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FIG. VII: VARIATIONS OF YIELD AND ~IOMASS WITH GIVEN 
PROPORTIONS OF 4~-1l NETS IN USE. 
X Level of Fishing 1953-- 1956 
Y Equilibrium State of present fishing maintained. 









2'50-1 I /1 


























150- \ I 
IR I I 




















8 0 1 
H pir:q WI





• ~'_ to; • ", .. _" g ..... ", ol;!" w • '--t'I, 
2 9 000 1 9 500 1 9 000 
UNITS CF BIC;yrASS 
600 
